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Abstract

In this research, we propose a new discrete Markov chain model of binary exponential backoff Algorithm (BEB) for
distributed coordination function (DCF) in IEEE802.11 wireless local area networks (WLANSs). A new model uses Fixed
Backoff stages and Fixed Contention windows (FBFC) technique on carrier sensing multiple accesses with collision
avoidance and request-to-send clear-to-send protocol (CSMA/CA RTS CTS). The throughput efficiency of FBFC model is
compared with the legacy discrete Markov chain model of BEB Algorithm. The legacy model is called Bianchi’s model
which is the original model for performance analysis of WLAN system. The FBFC model represents a new mathematical
summation of the transmission probability parameter which can calculate the average saturation throughput of
IEEE802.11a/b/g WLAN standards. The accuracy of transmission probability parameter is derived step by step under the
global balance equation concept. The saturation throughputs of all models are compared under the same Physical layer (PHY)
parameters and the same medium access control (MAC) scheme. Our numerical results show that the saturation throughput
performance of FBFC technique is stable when the number of contending stations is increased in service area, or the WLAN
system is in the high traffic load conditions. The distinction of FBFC scheme is low complexity and more realistic than the
previous discrete Markov chain model.

© 2013 The Authors. Published by Kasem Bundit University.
Selection and/or peer-review under responsibility of Faculty of Science and Technology, Kasem Bundit University, Bangkok.

Keywords: Backoff Algorithm, Binary Exponential Backoff, Fixed Backoff stages and Fixed Contention windows, CSMA/CA RTS CTS,
IEEE802.11a/b/g, Discrete Markov Chain Model

1. Introduction

Today, the wireless local area network (WLAN) is becoming increasingly important, and the IEEE802.11 is
one of the most popular standards in WLAN systems. Currently, the wireless local area networks solve the
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collision problems by using backoff algorithm scheme. High channel throughput and low packet delay are two
important characteristics of a good backoff algorithm. A big problem of old backoff algorithm is that the
throughput performances are unstable when the numbers of contending stations in service area is increased. The
popular model for performance analysis of backoff algorithm is Bianchi’s model in [4]. The author in [4]
proposed two-dimension discrete Markov chain model of binary exponential backoff (BEB) algorithm under the
finite number of contending stations. Afterward, the author in [5] proposed the discrete Markov chain model of
binary negative-exponential backoff (BNEB) algorithm. The performance of BNEB algorithm is better than BEB
algorithm when the number of contending stations is larger than 4 stations. However, the transmission probability
(7)) in [4] and [5] are derived from the two-dimension discrete Markov chain model in general case (unlimited
backoff stages and unlimited contention window sizes) so that the node’s packet transmission probability (7 ) in
general case is high complexity and difficult understanding. The difference in this research is that the node’s
packet transmission probability of each backoff algorithm is derived by used the Fixed Backoff stages and Fixed
Contention window sizes (FBFC) scheme. In FBFC technique, the accuracy of transmission probability is
derived from step by step procedure by used the global balance equation concept in discrete Markov chain
theory. The limitation in this research, we assume that;

« channel is ideal condition and no capture effect

« channel is divided into time slots of equal periods all contending stations

» channel is saturated condition, and the collision probability ( P ) occurs when the WLAN channel
has more than one contending stations to transmit a packet in a same timeslot

» the collision probability is constant and independent from the collision in the past

+  all stations know the total of station in service area

» the transmission probability occurs when the contention window sizes are counted down to zero,
and the transmission probability is unknown and to be solved

» data frame length is the same for all contending stations

» the contending stations (n) are in the rang of each other

« the contending stations are fixed and known

The paper is organized as follows: In section 11, we review discrete Markov chain model for IEEE802.11 WLAN.
In section 11l, the fixed backoff stages and fixed contention windows technique is analyzed. In section IV, we
introduce carrier sensing multiple accesses with collision avoidance protocol. The numerical results discuss in
section V. Finally, section VI is the conclusion.

2. Discrete Markov Chain Model
2.1. The legacy of discrete Markov chain model or Bianchi’s model

In 2000 year, Giuseppe Bianchi in [4] develops a simple discrete Markov chain model for the distributed
coordination function mode in IEEE802.11 standards. Bianchi’s model is shown in Fig.1. The transmission
probability that depends on the collision probability (p), the maximum backoff stages (M), and the contention
window (CW) sizes is given by

o 20-2p)a-p)" (1)
[Bianchis model] (1_2p) +CW[(]__2p) + p(l—(z p)m)]

In wireless local area network system, the packet collision occurs whenever more than one contending station or
node tries to access the medium at the same timeslot. Backoff algorithm is a technique to solve the collision
problems. In Bianci’s model, binary exponential backoff algorithm is used to reduce the data packet collision. At
the first transmission of a contending node, if the channel is idle for more than a distributed coordination
function inter-frame space (DIFS) time, a contending station can transmit immediately. If the channel is busy, the
contending station will generate a random contention window sizes.
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Taa

Contention windows change

Backoff stages change

Fig. 1. Two dimension discrete Markov chain model in general form (Bianchi’s model)

At the first transmission, the contention window size is selected equal to a minimum contention window sizes
(CWmin). After ward, the contention window sizes are decreased from slot by slot during the idle period more
than DIFS time. A contending station can send a data frame through wireless channel when the contention
window sizes are counted down to zero. If the transmission is unsuccessful or the collisions happen, the
contention window size is doubled for every transmission failure until it reaches the maximum contention
window sizes (CWmax). During countdown process in backoff procedure, the contention window will pause if
the channel is sensed busy. The backoff countdown process is reactivated when the channel is sensed idle more

than DIFS time again. The contention window sizes CW, equal 2iCWmi i=0,1,2 3...m where i is the
number of backoff stage or the number of retransmissions. M is the maximum backoff stages, so the maximum

n'

contention window size is 2" CW,;, . If a destination or a receiver does not receives an acknowledgement frame
within an acknowledgement timeout period after a data frame is transmitted, it will continue to retransmit the

data frame according to the backoff algorithm. After a successful transmission, the contention window size is
reset to the initial value (CWmin).

2.2. Saturation Throughput

The saturated throughput and packet delay are two the most parameters for performances analysis of wireless
local area network. In [4], the author has represented the saturation throughput for a finite number of contending
stations condition. The saturated throughput can be calculated by dividing the time utilized for transmitting a
data packet (payload information) in a slot time by the average duration of a slot time. The throughput equation
is given by

E[Payload Information in a slot time] @)

Throughput of Bianchi's mod el = Syg;. s maer; = E[Length of a slot time]
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S _ PS Ptr(MSDU ><8) (3)
(Blanehts modetl (1_ Plr)TSIoI + Ps PerS + PcTc
Ptr =1- (1_ T[Bianchi's rmdel])n (4)
-1
and P, = N7 gianchis mod el](l_ T|Bianchis mod e|])n
Pr
-1
_ n z-[Bianchi's model] (1_ T[Bianchi‘s mod el])n (5)
=
1- (1_ z-[Bianchi's mod el])n
anc PR (L-P)

Where P,
P, = the successful probability in a slot time
P, Ps = the probability of successful transmission
(1-P,) = the probability that a slot time is empty
P. = P,(1— P,) = the probability of collision transmission

T, = the collision transmission time in ps

= the probability that in a slot time there is at least one transmission

T, = the successful transmission time in ps
MSDU = the MAC service data unit size in bytes

3. The Fixed Backoff Stages and Fixed Contention Windows technique (FBFC technique)

A new discrete Markov chain model uses fixed backoff stages and fixed contention windows (FBFC)
technique. The relation of contention window sizes (CW) and backoff stages (i) in BEB algorithm can see in
Figure 2. Similarly Bianchi’s model, we use binary exponential backoff (BEB) algorithm to solve the collision
problem in wireless LAN channels. The contention window sizes in backoff mode are fixed in range minimum
contention window sizes (CWmin) to maximum contention window sizes (CWmax). In this model, the CWmin
is fixed at 8 timeslots, and the CWmax is fixed at 1024 timeslots. A contention window size depends on the
collision probability and backoff stages (i) for a data frame transmission. In our model, the state probability of

each backoff stages and contention window sizes are denoted by bi'k where 1 indicates the backoff stages, and

K indicates the contention window sizes. The backoff stages i vary from 0 to 7 stages and the contention window
sizes k vary from 0 to 1023 timeslots. Moreover, we consider the effect of the paused probability in countdown
contention windows process. This phenomenon occurs when the channel is sensed busy because the other
contending stations start to send a data packet. The countdown contention window process is paused until the
channel is idle more than the period of DIFS again. Afterward, the countdown contention window process
resumes. The paused probability is denoted P. .
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63
127 255

1- (p/127)

L(p1255) /1 (o/511)

}: Backoff stages change

Fig. 2. The Fixed Backoff stages and Fixed Contention windows (FBFC) technique (proposed model)

In figure 2, we use the global balance equation concept to derive the transmission probability. Firstly, we
consider in case of backoff stage (i) = 0 and contention windows (k) = 7 timeslots. The state probability of bo,7

&
7
(_71%)% =(1-2P; )by,

_ [‘fs)@ (6)

0,7 _'?ziiiiﬁgj 0,0

can be described by

by o + Pr by, =(L—P: )by,

Next step: in case of backoff stage (i) = 0 and contention windows (k) = 6 timeslots, the state probability of bo,e

-5

can be described by

%p+&%ﬁ+@—ﬂﬁ%q=@—&)%ﬁ
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8 e, o
¢ 70-2P.) " (1-2P.) "

Substituting (6) in to (7), we get

5, )
-2 -2 )
b, = 15), U 15 1-p) b

(1—2PF) 0,0 7(1_PF)(1_2PF)2 0,0

~

)l (1‘19{@—&)}1&0

T70-P.)| @-2P,)| *° " 7-P.)| @—2P.)
(1—pj L
— 15) < (1_PF)
) e v

From (6) and (8), at backoff stage (i) = 0 and contention windows (k) = 1 timeslots. We can summarize that the
state probability of by , is given by

) s (1—PF)}LbOYO ©

b.. =
MT-R)ELL-2R)

Next step: in case of i = 0 and k = 0, the state probability of bo‘0 is given by

[1_1%)

- b00+pb =(- F)b0,1+(1—3—p1jb10 (—%jbzo+(1 %jbw{ 225)b +(1—5%Jb5,0 (10)

p p
1-—" |b,+|1-——|b
{ 1ozsj 6-”( 1023] 7o

Substituting (9) in to (10) and simplifying the result, we get
15-6p (15-p) | @-P) ( pj ( p] [ p) ( p)
- 1--£ 1-= b b b
{15><7 15x7 ;{(1 2P )H 31 byo + 63 )20 T\ " 17 )0 T gm0 T

p P p
1-— b 1-— 1-—— b
( 511) S0 ¥ ( 1023) bo ™ ( 1023) ro
Finally, the state probability of bO’0 is

p p p p
1-P 1- P, +[1- Pl +[1-P
( 31})“’ J{ 63) 20 +( 127) 20 J{ 255] 0 (11)
byo = A
p p p
1-— 1-—"— 1—
{ 511Jb5'° { 1023Jb6'° { 1023jb7'°
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Where B 1
| [s-6p)_05-p)¢[-R)T
[ 105ID - 105IO ;L—ZPF”

Next backoff state: in case of backoff states (i) = 1 and contention windows (k) = 15 timeslots. The state
probability of b, ;¢ can be described by

%bo,o +Pebys= (l_ P ) By 15

(l_ 2PF )b0,15 = %bo,o

P, __ P [((1—'3;)}% (12)

s = 15— 2p )™ T 180 )| 1-2P,)

Next step: in case of i =1 and k = 14, the state probability of b1,14 is given by

%bo,o + PF b1,14 + (l_ PF )b1,15 = (1_ PF )b1,14

(1_ 2PF )b1,14 = %bo,o + (1_ PF )bl,ls

_ p (1 — P ) 13
Puas = 15(1- 2P; )b°'0 " (1-2P.) Puas ()

Substituting (12) in to (13), we get

_ p (1_ PF) p
uas = 15(1-2P. )b"’0 " (1-2pP. ){15(1— 2P. )}b(”“

p b. . + p(l_ PF)
15(1-2P.) *° 15(1—2P. ) °

b1,14 =

s = 15(1? P. ){(gl—_ zFéF))}bO'O " 15(1E P. ){(gl—_ 2P|;F))}2 oo
by = i{ i-F) }Lbo,o (14)

) 15(1_ PF) L=1 (1_2PF)

Next step: in case of i =1 and k = 13, the state probability of b1,13 is given by

%bo,o +Peby 5+ (1_ P )b1,14 = (1_ P ) Bo13
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(1_ 2PF)b1,l3 = %bo,o + (l_ P )b1,14

0 (L-P) 15
Puas = 15(1—2PF)b°‘° i (1—2PF)b““ (49)

Substituting (14) in to (15), we get

b1,13 :1 Y b+ (1_PF) |: p I (1_PF) —b’ + P { (1_ PF) Tbo,o:l

51-2P.) " (1-2P:)[15(1-P:)[ (1-2P) [ *° 151-P.)| (1-2P.)

1-P.
B =5 {(g_zpF))}bw*15(1—PF)_(1—2PF)_

P [@-R)T, , » [ a-r) Tbo,o

C15(1-P.) +15(1— P.)| 1-2P.)
L
p S (1_ PF)
= b (16)
us 15(1— PF)LZ;‘[(l— 2P.)| ™°
From (12) (14) and (16), we can summarize that the state probability of b1,1 is given by
L
p N (1_ PF)
= b 17
bLl 15(1_ PF);|:(1_2PF) o )

Next step: in case of i =1 and k = 0, the state probability of bl,O is expressed as
Y Y
(Jfﬁjbw + ﬁbw = (1_ P ) b1,1

1P+ D=,

bl,O = (1_ PF ) b1,1 (18)

Substituting (17) in to (18), the state probability of bl,o can be calculated by

50 1-p) ]
ha=CF: {15(1?&)%{(54&))} b}

- 5[ 4P [ (19)
154 -2p) | °°

Next backoff state: in case of backoff state (i) = 2 and contention windows (k) = 31 timeslots, the state
probability of bz]31 can be described by

S_F;_ bl,o + PF bz,sl = (1_ PF ) b2,31
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(1_2P ) 2,31 = p blO
P
By g =
23 31(1—2PF)b1’°

Next step: in case of i = 2 and k = 30, the state probability of b2’30 is given by

3_F;_b1,o +Peb, 5 + (1_ P ) b, 3 = (1_ P ) b, 3

(L-2P. )b, = 3—F;b1,0 +(1-P: )b,y

Y (1_PF)
b, 4 = b
2% 31(1—2F>F)bl'O " (1-2p ) **

Substituting (20) in to (21), we get

1-P,
e = 31(1—p 2PF)bl‘° ’ (g— 2PF)){31(1 2P )}b”

_ pL-P;)
b, 50 = 31(1—2PF)b1’0 + 31(1 op )z b,

b2,30=3](1?PF)[(§ zp))}bw 311 p){é 2P))} o = 3](1?&)2{(?__2%3)}%1’0

From (20) and (22), we can summarize that the state probability at i =2 and k = 1 is given by

1-P,
=

In case of i = 2 and k = 0, the state probability of bzv0 can be expressed by

(1 6p3)b20 + 6p3 bZO (1 P )b21

Substituting (23) in to (24), we get

P F {mp o] b“’}

177

(20)

(21)

(22)

(23)

(24)
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b, =P Z{@-P)}Qo 25)

31(1-P. )& @-2PR.)

From (19) and (25), we can summarize that state probability at i = 3 and k = 0 is given by

L
26
2[1 2P.) } 20 (26)

Similarly: in case of i =4 and k = 0, the state probability of b4'O is given by

127 L
SN
L=1 - F

Similarly: in case of i =5 and k = 0, the state probability of b5'O is given by

255 _ L
b5 0= Lz (1 I:)F ) b4 . (28)
0 2554 | (1-2P.)| *
Similarly: in case of i = 6 and k = 0, the state probability of be,o is given by
sul (1 L
bso = Lz (1 i ) bs.0 (29)
o B4 [1-2P)|

Next backoff state: in case of i =7 and k = 1023, the state probability of b7y1023 is given by

ﬁbe 0 1023 by o+ Peb; 1005 = (1 P )b7,1023

(1_ 2P )b7,1023 = &b&o + &bm

p p
. " b (30)
71023 1023(1_ 2P ) bo 1023(1— 2P: ) "o

In case of i = 7 and k = 1022, the state probability of b7’1022 is given by

1023 D 1023 by o + (1 P )b7 1023+ Peby 1020 = (1 P )b7,1022

(1_ 2P ) b7,1022 = b7 ot (1 R )b7,1023

p b
b6 0
1023 1023
p p L-P)
B, 1020 = b, b 31)
021023 (1~ 2P ) *° 1023 l-2P.) " ’ (1-2p. ) "%
Substituting (30) in to (31), we get

~ p @-pr) P P
e L ) [ e

p pL-P:) p pL-P:)
B, 100 = b b b
7192271023 (1-2P; ) 6'°+1023(1— P. Y 6'°+1023(1— P.) 7’°+1023(1—2PF)2 "
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L
P < (@-R) p a-r) ]
b = b b
192210231 PF);[(l—zpF) o0 1023(1 P )LZ; @-2p)| °
From (30) and (32), we can summarize that the state probability of b7,1 is given by
L L
p 1023 (l— PF) p 1023 (1_ PF)
b,, = b b
102301 P. )é @-2p.)| *° +1023(1— P.) ; (1-2p.)] "°
Next step: in case of i = 7 and k = 0, the stage probability of b7]O can be expressed by

(1_pj b, o+ Lbzo = (1_ P ) b, ,

1023 1023

p p
1-— 4+ Y b -(1-P
( 1023+1023jb7'° 1-F: )by,

b7,o = (1_ PF )b7,1

Substituting (33) in to (34), we get

1023

o= 10232[1 2P, } o 10232{1 2P, )}

From (19) (25) (26) (27) (28) (29) and (35), we assign

S I =0l

b SR
2554 (1-2P;) 5114

P 1023 (1_ PF) 1t
1023 4| (1-2P;) |

Therefore, the state probability of (19) (25) (26) (27) (28) (29) and (35) can be rewritten by
bl,O = Bbo,o
b,, =Chb,, =BCh,,
b, , = Db, , = BCDby ,

b, , = Eb,, = BCDEb; ,
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(32)

(33)

(34)

(35)

(36)
(37)
(38)

(39)
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b, , = Fb, , = BCDEFD,, (40)
bﬁy0 = Gbs,o = BCDEFGbOYO (41)
b, o = Hbg o + Hb; (42)
(1_ H )b7,o = Hbe,o

__H (43)
b7,0 (1_ H) b6,0

The equations (36) to (43) describe the backoff state probability (bi‘k) which is the function of the collision
probability (p), the paused probability (p.) and the contention window sizes (CW). The transmission probability
(7)) occurs when the contention windows are decreased to zero. In saturation case, the summation of state
probability (b; ;) equals one. Finally, the new transmission probability (Zrproposed moder]) OF Binary Exponential
Backoff algorithm in FBFC model is

7
Tl proposed model] — Zbi,o = bo,o + bl,o + bz,o + b3,o + b4,0 + bs,o + be,o + b7,0 =1 (44)
i=0
Substituting (36) (37) (38) (39) (40) (41) and (43) in to (44), we get
=b, o + Bl , + BCh, , + BCDb, , + BCDEb, , + BCDEFb, , +

T[ proposed mod el]

H (45)
BCDEFGh, , + BCDEFG(lHij0
T proposedmodel] = {1+ B + BC + BCD + BCDE + BCDEF + BCDEFG + BCDEFG (]_HH)}bo,o =1 (46)
Finally, the transmission probability of Binary Exponential Backoff algorithm is given by
1
m 47)

TIFBFC model] —
1+B+BC+BCD+ BCDE + BCDEF + BCDEFG+[W}BCDEFG

Equation (47) is the transmission probability of a new discrete Markov chain model by using the fixed backoff
stages and fixed contention window sizes technique.

4. Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA) Protocol

In wireless local area network channel, the medium access technique uses the CSMA/CA protocol in
distribute coordination function (DCF) mode for IEEE802.11a/b/g standards. In CSMA/CA technique, there are
two access methods: the first is Basic Access method (BA), and the second is Request-to-Send and Clear-to-Send
(RTS/ICTS) access methods. The RTS/CTS technique has been introduced to reduce the performance degradation
due to hidden terminal, and this paper considers only the CSMA/CA protocol in RTS/CTS technique. A data
frame exchange sequence of CSMA/CA with RTS CTS mechanism in IEEE802.11a/b/g standards is shown in
Fig. 3. Before transmitting a data frame MSDU (MAC service data unit), a shot RTS frame is transmitted. If the
RTS frame success, the receiver station responds with a shot CTS frame. Then, a data frame and an ACK frame
will follow. All four frames (RTS, CTS, DATA and ACK) are separated by SIFS time.
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Contention Window
.-)DIFS Backoff Algorithm RTS | SIF! CTS ,_ SIF DATA SIF ACK
: cee 43200 | : )‘_$ )\_$ —p

¥ 3 1 1 3 3 3 ACK
= - ‘ — ‘ —— | ot
X i ! i i ! ! ! Time
> 2\ i i /Delay2  Delay3\ | L/ Delay4
aTimeSlot Lo I
[ [
RX RTS |iiii] Payload | i}11] >
» 3 1 « = Time
aTimeSlot LLC/SNAP Payload
[ MAC Header MSDU CRC32 |
Fig. 3. A data transmission procedure of CSMA/CA with RTS CTS Protocol
Where DIFS = Distributed coordination function Inter Frame Space

SIFS = Shot Inter Frame Space

RTS = Request-to-Send frame

CTS = Clear-to-Send frame

ACK = Acknowledgement frame
MSDU = MAC Service Data Unit frame

The time periods of T, and T_ for CSMA/CA with RTS CTS protocol are obtained as follows
TS[CSMA/CA RTS CTS] — TRTS + 3TSIFS + 4Tde|ay +TCTS + TMSDU (size) +TACK +TDIFS

TC[CSMA/CA RTSCTS] — TDIFS + TRTS + Tdelay

_ MSDU x8
MSBU Data rate

From (2) (3) (4) and (5), a new saturated throughput equation of WLAN system in FBFC scheme can be
rewritten as

PS[FBFC n'odeI]Ptr[FBFC mod e|](MSDU x8)

S =
[FBFC nmodel] T
(1_ I:)tr[FBFC mod eI])TSIUt + I:)S[FBFC mod eI]Plr[FBFC mod eI]TS[FBFC model] + I:)C[FBFC model] ' C

n
Ptr[FBFC model] :1_(1_T[FBFC rmdel])

n-1

P _ NTpepec m:)del](l_T[FBFC rmdel])
S[FBFC nodel] — P
tr[FBFC model]

and

n-1
NTiegrc rmdel](l_T[FBFC rmdel])
n
1_(1_T[FBFC m)del])

PS[FBFC model] —

and I:)C[FBFC mod el ] = I:>tr[FBFC mod el](l_ I:)S[FBFC mod el])
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(48)
(49)

(50)

(51)

(52)

(83)

(54)

The comparison of throughput efficiency between Bianchi’s model and FBFC model use the same Physical layer
parameters which listed in Table 1. The physical layer of IEEE802.11b is the direct sequence spread spectrum
(DSSS), and the physical layer of IEEE802.11a and IEEE802.11g are the orthogonal frequency division
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multiplexing (OFDM). MathCAD engineering tool in [6] uses for calculation the saturation throughput
efficiency. The throughput calculation procedure is given by
Begin
Step 1: Fixed parameters P : = 0.05, P.:=0.05, m: =6, MSDU: = 1024 and n:= 1.40
cw: =31, 63,127, 255, 511and 1023

Step 2: calculated T by used equation (48) and (50)

S[CSMA/CA RTS CTS]

Step 3: calculated T by used equation (49)

[CSMA/CA RTS CTS]
Step 4: calculated 7gjanenis moaer] PY Used equation (1)

Step 5: calculated P, of Bianchi’s model by used equation (4)

Step 6: calculated P, of Bianchi’s model by used equation (5)

Step 7: calculated the saturated throughput of Bianchi’s model by used equation (3)
Step 8: calculated 7jgrc gy PY Used equation (47)

Step 9: calculated p, of the Fixed Backoff stages and Fixed contention windows model

(FBFC model) by used equation (52)
Step 10: calculated p, of the Fixed Backoff stages and Fixed contention windows model

(FBFC model) by used equation (53)
Step 11: calculated the saturated throughput of proposed model by used equation (51)
End

Table 1. The transmission times in CSMA/CA RTS CTS Protocol [1], [2], [3], [6] and [7]

Transmissions description IEEE802.11a IEEE802.11b IEEE802.11g

TSIFS 16 ps 10 ps 10 ps
TDIFS 34 us 50 us 28 us
Tastotrime Sps 20ps Ops
Tdelay 1pus 1pus 1ps

Trys OFDM 24-Mbps 28 ps - 34 ps

TCTS OFDM 24-Mbps 28 ps - 32 us

T pck OFDM 24-Mbps 28 ps - 32 s

Trrs OFDM 54-Mbps 24 ps - 30 ps

TCTS OFDM 54-Mbps 24 us - 30 s

T pcx OFDM 54-Mbps 24 ps - 30 ps

Trrs HR 11-Mbps - 352 ps

TCTS HR 11-Mbps - 304 ps

TACK HR 11-Mbps - 304 ps

CWmin 15 SlotTimes 31 SlotTimes 16 SlotTimes

CWmax 1023 SlotTimes 1023 SlotTimes 1024 SlotTimes
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5. Numerical Results

In this section, the numerical results show the saturated throughput of a new discrete Markov chain models
(FBFC technique) and the saturated throughput of a legacy model (Bianchi’s model). In our computer
simulations, the physical layer parameters in saturated throughput equations use the same parameters as [6] and
[7]. The important parameter of this research is the transmission probability (7 ) that is derived from a new

discrete Markov chain model ( Zirgrc mogery ) and Bianchi’s model ( Zygjanchis moder) )- The transmission

probability is the key for the comparison saturation throughput performance between Bianchi’s model and FBFC
model. In both model, the contention windows vary from 15 to 1024 timeslots, and the numbers of contending
stations vary from 1 to 40 stations, and the backoff states vary from 0 to 7 stages. Also, the collision probability

(P ), the paused station probability ( P ), and the MAC service data unit sizes are fixed at 0.05, 0.05 and 1024

bytes, respectively. First of all, figure 4 shows the comparison saturated throughput by using the physical layer
parameters in IEEE802.11b standard which based on direct sequence spread spectrum (DSSS).
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Fig. 4. Throughput performance of the Fixed Backoff stages and Fixed Contention windows technique in IEEE802.11b standard

From the results in Fig.4, when the contention windows are fixed at 31, 63 and 127 timeslots, and the
contending stations are varied from 1 to 20 stations, the saturated throughput of the legacy model (Bianchi’s
model) is better than the FBFC model (proposed model). However, when the contending stations are fixed at
255, 511 and 1023 timeslots, the throughput performance of FBFC model is higher than the Bianchi’s model.
Afterward, when the contending stations are varied from 21 to 40 stations, the saturated throughput of FBFC
model is stable and equal as the Bianchi’s model. Surprisingly, when the contention windows are 31 and 63
aTimeSlots, the throughput of Bianchi’s model seems to reduce quickly, but the saturated throughput of FBFC
model seems to be stable. Therefore, from the results, we can summarize that the FCFB model is suitable than
the Bianchi’s model in heavy traffic load condition.

Afterward, the figure 5 and 6 show the comparison throughput efficiency between FBFC model and
Bianchi’s model in IEEE802.11a and IEEE802.11¢g standards. The physical layers are based on the orthogonal
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frequency division multiplexing (OFDM), where the data speed of 802.11a is fixed at 24 Mbps and data speed of
802.11q is fixed at 54 Mbps. Similarly, when the contending stations are varied from 1 to 22 stations, and the
contention windows are fixed at 31, 63 and 127 timeslots, the throughput efficiency of Bianchi’s model is higher
than the FBFC model. On the contrary, when the contention windows are fixed at 255, 511 and 1023 timeslots,
the saturated throughput efficiency of FBFC model is higher than the Bianchi’s model. From the saturated
throughput in Fig. 4, Fig.5 and Fig.6, we can summarize that the transmission probability of proposed model

(T[rerc modelp) IS the average of Bianchi’s model. Furthermore, we also conclude that the new discrete Markov

chain model is derived from the fixed backoff stages and fixed contention windows technique have a good
throughput at high contending stations condition.
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Fig. 5. Throughput performance of the Fixed Backoff stages and Fixed Contention windows technique in IEEE802.11a standard
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Fig. 6. Throughput performance of the Fixed Backoff stages and Fixed Contention windows technique in IEEE802.11g standard
Obviously, the results in Fig.5 and Fig. 6 show that when the contending stations are increased, the saturated

throughput of Bianchi’s model is reduced at less contention window sizes. However, the saturated throughput of
FBFC model is increased up to the stable point.
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Fig. 7. The successful transmission probability of the Fixed Backoff stages and Fixed Contention windows technique

Figure 7 shows the effect of the number of contending stations on successful transmission probability. From the
figure, the successful probability of Bianchi’s model gets higher than Fixed Backoff stages and Fixed Contention
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windows model when the contention windows are set at 511 and 1023 timeslots. Dramatically, when the
contention windows are set at 31, 63 and 127 timeslots, the successful transmission probability of Bianchi’s
model seems to reduce quickly, but the successful transmission probability of FBFC model seems to reduce
little. In addition, when the contention windows are set at 31 to 1023 timeslots, the simulation results indicate
that the successful transmission probability (Ps) of FBFC model is the average of Bianchi’s model.

6. Conclusion

In this research, we introduce a new discrete Markov chain model to calculate the transmission probability in
distributed coordination function for wireless local area network system, and it’s called the Fixed Backoff stages
and Fixed Contention windows technique. The transmission probability parameters of FBFC model

(Tirercmodery ) @nd Bianchi’s model ( Zjgianehis mdery) IN Saturated throughput equations are two important

parameters for the throughput performance comparison in DCF IEEE802.11a/b/g WLAN standards. Moreover,
the transmission probability of FBFC model which is derived from fixed backoff stages and fixed contention
windows scheme is the average point of Bianchi’s model under the same contention windows range (minimum
contention windows to maximum contention windows rang). Our numerical results show that the performance of
proposed model (FBFC model) is stable under a lot of contending stations condition, and all numerical results
guarantee that the performance of FBFC model well operates under saturated coordination function for wireless
local area network system. In future work, we will evaluate the performance of FBFC model under non-
saturation WLAN channel, and we will search for a new backoff algorithm which will have the performance
better than the legacy backoff scheme under the fixed backoff stages and fixed contention windows concept.
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